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ave you ever woken up
in the middle of the night
and had trouble falling
back asleep? While you may have
been concerned that you were not
getting proper sleep, studies show
that such wakeful periods may not
be an unnatural occurrence. In fact,
research has shown that this may
actually be quite normal among
the human population. In 1992,
Thomas Wehr conducted a study
resulting in a theory that when
people are given more leisure time
to relax and sleep, they tend to
fall into a unique sleeping pattern.
Participants of this study would
sleep for 4 hours, wake up for about
2 hours, and then go back to sleep
for another 4 hours1.
This work was later backed
up by historian Roger Ekirch, the
author of the seminal book At Day’s
Close: Night in Times Past. Ekirch’s
publication was a culmination of his
16 years of collecting anecdotes
and citations in literature supporting
the case that humans used to sleep
in two distinct phases. He was able
to provide historical evidence that
in pre-industrial society, when light
was limited and people had more
leisure time, humans would partake
in two sleeps. Between these
periods there would be an hour
or two of time spent awake, just
like in Wehr’s study. Ekrich pulled
examples from a variety of sources
ranging from Homer’s description
of Poseidon’s servant waking up
after his first sleep in the Odyssey
to 15th century prayer manuals
that contained prayers specifically
meant for between sleeps. In the
break between the first and second
sleep, people would get out of
bed and partake in activities such
as smoking tobacco, completing
chores, and holding conversations
with others. Since the early 1900’s
the concept of two sleeps has
faded from western culture, likely
due to the vast changes in the way
people consider working hours and

leisure time. While the majority of
Ekrich’s references are from British
sources, there is also evidence that
this sleep pattern is not specific
to a certain geographic area.
Anthropologists cite the Tiv, G/wi,
and Chagga communities, each in
various parts of Africa, as examples
of societies that also have a first
and second sleep as recent as the
late 1960s2.
So what does this idea of
two sleeps mean in relation to
how we view sleep in our modern
society? We may be able to answer
this question about modern sleep
by diving into the molecular players
involved through a neuroscience
perspective. In order to better
understand behavioral patterns
of sleep, let’s take a closer look at
the science behind our beloved
slumber.

What Do We Know
About Sleep?
While humans have always
been curious about sleep, scientists
only started studying sleep in the
mid 1950s. Dreams and rapid eye
movement (REM) sleep were of
particular interest. In the 1980’s,
polysomnography (PSG) gave
scientists an avenue to study sleep
objectively. This tool measures
brain waves, in addition to other
physiological characteristics3. Since
then, great strides have been made

in the field to better understand
sleep. However, there is still so
much that we do not know. We
have established that sleep is a
necessary physiological process,
but what is its purpose? Are naps
good or bad for you? Is there such
a thing as “bad sleep”? While
we may not be able to answer
all of these questions, this article
will discuss some key concepts
regarding the mysteries of sleep.
Sleep can be divided into
different stages that you cycle
through when you sleep for an
extended period of time. Generally,
sleep can be categorized into Rapid
Eye Movement (REM) sleep and
Non-REM (NREM) sleep. During
REM sleep, brain waves appear to
mimic the same brain waves when
you are wide awake. This stage is
characterized by increased brain
activity and increased heart rate and
respirations. Most dreaming is done
in REM sleep. Recent studies have
shown that aging decreases REM
sleep. On the other hand, NREM
consists of multiple substages
that repeat often throughout the
duration of sleep. This type of
sleep is essential as it is responsible
for the regenerative properties
associated with sleep, like tissue
regrowth and blood vessel repair.
It is also crucial for proper brain
maturation and connectivity. A
stage of NREM sleep that is of
particular importance is slow-wave
16

SCIENTIFIC KENYON

Figure 1. Sleep Spindles (shown in red) during NREM.
© 2013 by IEEE

sleep. One of its roles is to heal
damaged muscles and tissues4.
Sleep studies often look at
what happens when sleep goes
wrong. A popular approach in this
field is to look at the effects of sleep
deprivation, meaning any case of
insufficient sleep. All mammals
require some sort of sleep to
maintain functions. The need for
rats to sleep is comparable to their
need to eat. A rat can go up to 15
days being deprived of any sleep
before fatal consequences. This is
just as long as they can go without
any food5. This is not unexpected
as we have always known that
some sleep is absolutely necessary
for survival. Depriving people
of sleep leads to decreased
cognitive function. Ability to recall
information and do tasks that
require concentration decrease
significantly. It can also increase
the risk of specific diseases such
as diabetes. In the United States,
sleep deprivation is correlated with
obesity prevalence4.
Proper sleep has many
benefits for memory and learning.
Let’s take a look at one study
that was conducted on healthy
participants to better understand
the relationship between sleep and
these processes. One group was
allowed a 90-minute nap whereas
the other was not permitted any
nap time and spent this interval
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of time doing mental activities.
Napping amounted in a 20%
learning advantage and improved
memory when subjects were tested
later in the evening. So how does
napping or sleep in general aid
in cognitive tasks? This can be
partially answered by taking a closer
look at a mechanism through which
learning is affected during sleep.
Lighter sleep stages during NREM
allow for the formation of sleep
spindles. These spikes in brain
activity, shown in red in Figure 1,
occur frequently over a short period
of time. They are contrasted against
the regular brain activity during
these stages of sleep indicated
in blue. The spindles are thought
to lower mental processing and
allow for more restoration to occur.
Therefore, people wake up feeling
more refreshed and ready to take
on mental tasks. Taking naps, a
form of light sleep, can improve
the ability to learn afterwards and
this is likely due to the abundance
of these spindles. Although details
regarding the functions of sleep
spindles are still being figured out,
they are correlated with greater
memory and decrease as people
age6.
Dreams have been a well
documented aspect of sleep
throughout
human
history.
Reasons for dreaming have been
hypothesized for centuries. A

prominent figure in ancient Greece,
Aristides, was known to have
believed in the healing power of
dreams and the medical benefits
of interpreting dreams. Ekrich
also found historical and literary
references to dreams in his work7.
Oftentimes, between first and
second sleep, people would recall
their dreams and share them with
those nearby. Evidence shows that
people recalled such visions as
being rather vivid. They stated that
dreams would not be considered
as intruding if they had slept until
dawn without interruptions2.
Dreaming is difficult to study
as they are fairly subjective, ranging
from person to person. Have you
ever been asked the question, “Do
you dream in color?”. Not only
might people answer the question
differently, but they may also not be
able to answer it at all due to the
fleeting nature of dreams. We used
to think that all dreaming occured in
REM sleep. When someone wakes
up in the middle of REM sleep,
they often remember their dreams
more vividly. However, more recent
studies show that they can occur
in NREM sleep as well. Overall,
little current scientific research
is available on the functions of
dreaming but there are numerous
theories.
As you probably know from
experience, the amount of light
present greatly affects sleep. A
circadian rhythm is the 24-hour
internal clock that is closely related
to the availability of natural light.
Also called a sleep/wake cycle, this
pattern affects how awake or how
sleepy you are at different times
of the day. Most living organisms
that are exposed to sunlight
exhibit some sort of circadian
rhythms. This is usually expressed
biologically and has an effect on
behavior. According to research on
the effects of these rhythms, adults
are the least energetic and alert
between 2-4 am and again in the
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afternoon between 1-3 p.m.8. This
makes sense as this is when most
people sleep or choose to take a
nap. It also further supports Ekrich’s
idea of two sleeps.
Adults are often advised to
aim for between 7 to 9 hours of
uninterrupted sleep each night to
function at their best. However,
we have seen thus far that this has
not been the case in pre-industrial
society and our current practices
might not follow our circadian
clock. Let’s take a look at other
examples that break away from this
traditional model of sleep that we
are often told to follow.

What Are Alternative
Sleep Cycles?
The traditional sleep cycle of
about 8 hours a night might not be
considered the gold star standard
by everyone. In fact, there are a
multitude of sleep schedules that
people swear to live by on a daily

basis. Figure 2 shows some of the
major sleep schedules, a couple
of which are common and others
that are far rarer. The alternative
cycles shown in this figure all show
examples of getting less sleep than
the standard. The biphasic cycle is
pretty common and is seen when
you don’t get a full night of sleep but
take a nap midday. The Everyman,
Dymaxion, and Uberman are less
popular and result in considerably
less sleep. Nevertheless, they are
still found around the world and
throughout history.
Could burning the candle on
both ends correlate with greater
success? You might be convinced
after taking a closer look at the
sleep habits of some renowned
people throughout history. Winston
Churchill would often work through
the night and take 2 hour naps in
the evenings, following a biphasic
cycle. Leonardo da Vinci and Nikola
Tesla are known to have only slept
2 hours a day on an Uberman cycle.
Issac Newton often got 3 to 4 hours

of sleep a night and Madonna
sleeps about 4 hours without taking
naps, both of which do not fit into
any of the official cycles.
The examples of sleep cycles
shown in figure 1 cover schedules
with decreased amounts of sleep
in comparison to the standard
cycle. Many people also fall into
the opposite case in which they
get more than the recommended
8 hours of sleep. Albert Einstein
supposedly got more than 10 hours
of sleep a night and took additional
naps throughout the day. Calvin
Coolidge got his 8 hours at night
but also got an additional 2-3 hour
long nap in the afternoon. Mariah
Carey beats all of the previously
mentioned with an estimated 15
hours of sleep a night9.
Correlations to success is not
a valid measure of how much sleep
one should receive a night. In fact,
it is probably best to not compare
your sleep habits and needs with
anyone else. How much sleep
your body requires depends on

Figure 2. “Sleep Cycles” original image by Srila Chadalavada
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numerous factors. Most importantly,
age, general health, previous sleep,
and sleep quality affect your needs
for getting more hours of sleep.
Beyond that, needs vary between
individuals because of personal
habits. Let’s take a closer look at
what happens when sleep does
not occur in the way it is intended
to and the numerous physical and
cognitive consequences.

What Is Disrupted
Sleep and How Does
It Affect Your Body?
Poor
quality
sleep,
or
disrupted sleep occurs when
someone’s sleep pattern does
not follow their circadian rhythms.
Therefore quality sleep occurs
when you get sleep at the times
that your internal clockwork
intends for you to rest and for you
to be active when your biological
rhythms are programmed to keep
you awake. Some might consider
Eckrich’s examples of biphasic
sleep consisting of a first and
second sleep to be an occurance
of disrupted sleep. The alternative
sleep schedules in Figure 2 are
also examples of disrupted sleep,
especially the Dymaxion and
Uberman that have relatively little
sleep during nighttime. So why
might these disruptions occur and
who is at risk?
There is a common
misconception
that
modern
societies and constrained working
hours are the root of getting poor
quality sleep. While it is easy to
assume that in a previous era,
people had an abundance of
leisure time to sleep at their will,
this was not necessarily the case.
Eckrich mentions an abundance
of disrupted sleep, often through
literature and artwork. While no
societal class was spared of sleep
disruptions in the middle of the
night, the poor and urban class
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Figure 3. Sleep Disruption through a portrait of an Idle ‘prentice. Engraving by William Hogart,
174710.

were especially at risk. He quotes
G.C.L. Canali saying that, “They
feel their sleep interrupted by the
cold, the filth, the screams and
infants’ cries, and by a thousand
other anxieties.” (Ekrich 359).
The wealthy were able to escape
the noise by paying for quieter
quarters. Niclar Boileau described
the situation as, “Sleep like other
Things are sold. And you must
purchase your Repose with Gold.”
(Ekrich 359). Wiliam Hogart, a wellknown artist of the 18th century
often portrayed the lack of sleep
among all classes. In an engraving
of an “idle ’prentice” Hogart shows
a man that is disturbed from his
slumber by a cat, ultimately a
result of the squalid surroundings
(Figure 3). Oftentimes people were
left with no choice but to sleep
for extended periods of time in
daylight, something that certainly
does not follow circadian rhythms2.
Quality sleep is essential
to attaining effective rest and
recuperation. Even in today’s world,
we struggle to get good sleep. We
need to take a closer look at what
is happening on a molecular level

to fully understand the effects of
disrupted sleep. Disturbances
to normal sleep can occur when
there are changes in environmental
cues such as excessive light
or switching light and dark
periods. These interruptions are
called environmental circadian
disruptions (ECD) and can cause
reharmonization of the internal
clockwork to match the changed
external conditions8.
The disrupted sleep that
causes misalignment of the
circadian system can affect the
amount of time spent in each of
the stages of sleep. Poor quality
sleep can decrease the amount
of time spent in NREM sleep
and slow-wave sleep which are
pertinent for their properties in
restoring damaged tissues and
strengthening immunity10. Studies
have shown that prolonged ECD
can affect short-term spatial working
memory, meaning your ability to
store and process information
temporarily. Additionally, object
recognition can also significantly
decrease12. Overall, there is
abundant research supporting that
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circadian disruptions in sleep can
cause a plethora of cognitive and
behavioral hindrances.
ECD has been shown to
cause inflammation of both the
brain and the peripheral system.
This inflammation is a response
to interleukins, a type of protein
released by immune system cells
throughout the body. This occurs
through the molecular pathway
as shown in Figure 2. When the
interleukin-6 receptor (IL-6R) is
activated by poor sleep, it becomes
released. This protein then binds
to its receptor, gp130, found on
the membrane of many cells.
Further signaling occurs in these
cells through a domino effect,
telling these cells that something
is wrong. Eventually, this process
results in inflammation, a common
physiological
response
that
occurs when our body identifies
something as bad for us (Figure
4). Thus, the IL-6 protein is one
of several that is often used to
study inflammation. This pathway
can also affect how we sleep. This
means that not only does poor
sleep quality cause inflammation,
but that the proteins like IL-6 also
play a role in further worsening
sleep. Specifically, less time will
be spent in restorative stages of
sleep previously described, such as
slow-wave sleep. A cyclical pattern
of ECD and pro-inflammatory
proteins can exacerbate any
previous conditions or cause new
inflammatory diseases to arise11.
Symptoms of these diseases may
include chronic pain, redness,
stiffness, or damage to previously
healthy tissue.
The most common example in
which people experiencing shortterm ECD is as a result of jet lag.
Women also endure ECD when
going through menopause. More
long-term circadian disruptions can
be a result of certain medications
that cause people to stay up or
as a consequence of shift work.

ECD can lead to serious sleep
disorders such as chronic insomnia.
Moreover, especially in the case
of long-term disruptions, people
may become at risk for mood
disorders like depression or chronic
inflammation8.
In order to make informed
decisions about getting effective
slumber, you should take into
account the consequences of
disrupting normal sleep patterns.
Some people don’t have the option
of choosing when to sleep. This
is the case for shift workers and
ranges from occupations such as
nurse to pilot. Knowing that there
are potentially detrimental effects
of such poor sleep, there has to be
something that we can do to help.

What Can Be Done to
Treat Environmental
Circadian
Disruptions?
Most
people
do
not
consciously make the decision to
disrupt their sleep even without
knowing that it can lead to a proinflammatory immune response
and other serious health effects.
It is fairly easy to notice when you
get poor quality sleep because
your body feels the toll. So, what
is the scientific community doing
to help? In order to find solutions,
we can first separate the problem
into two categories: the brain and
spinal cord versus the nerves in the
rest of the body.
Disrupted sleep is harmful
as it elicits neuroinflammation.
Targeting the brain requires a
different approach than the rest
of the body. This is because the
brain is so well protected in our
body that we cannot reach it in the
same ways that we would for the
rest of our organs. One current
target for neuroinflammation is
microglia. These brain cells act as
the first responders of the brain

and are responsible for activating
the immune system when anything
goes wrong. Microglia have IL-6
receptors. If we can stop the
binding process of the IL-6R protein
to its receptor, gp 130, as shown
in Figure 1, then we can block the
rest of the pathway. This can stop
the downstream domino effect
that causes inflammation from
ever occurring. Current research
is being conducted on how to
best inhibit this signal without
affecting the normal and healthy
immune functions that microglia
provide for our brains11. While
no specific treatments have been
developed, this is a promising area
of therapeutic research.
Circadian disruptions can also
cause inflammation in areas outside
of the brain, such as the digestive
tract. Issues with gaining nutrition
from properly breaking down food
can arise through oxidative stress,
a process that creates harmful
unstable atoms in the gut and
hinders the surrounding nerves
from doing their job. ECD also
plays a role in the availability of
healthy bacteria in the gut. Recent
studies show that certain diets
like intermittent fasting can help
by eliminating such factors. This
is because the amounts of these
healthy bacteria are also regulated

Figure 4. Overview of IL-6 pathway resulting in
inflammation11
© 2016 by Elsevier. Adapted with permission.
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by what and when you eat. This
method has shown promising results
in reducing gut inflammation. It
allows for food to be processed
more smoothly without causing
harmful side effects13.
As we have seen, disrupted
sleep can cause issues throughout
the body and people are working
together
to
find
solutions.
Interventions are not limited
to biological therapies and
scientists are not the only people
getting involved. There are also
numerous policy changes in the
works. Various fields are creating
stronger mandatory regulations
on work hours for employers. The
National Institute for Occupational
Safety and Health (NIOSH) has
provided suggestions for industries
to implement policies, drawing
from scientific research on sleep
and circadian rhythms. Although
some industries such as airlines
have already made notable
changes for pilots, other fields
such as manufacturing, retail, and
agriculture have yet to do so. It
would be safe to say that enforcing
such regulations can benefit the
employees’ health in addition to
their performance on the job14.

Why Is Sleep Still So
Mysterious?
Humans sleep for about a third
of every day. That is a considerable
amount of our lifetime. We have
seen that some aspects of sleep
are becoming well understood.
However, there is so much more
that is yet to be uncovered. In
some ways, our question of what
is considered to be effective sleep
will never be answered. Sleep is
incredibly specific to individuals
and it is important to do what feels
right to you. However, keep in mind
the dangers of getting unhealthy,
disrupted sleep.
Ekrich’s examples of waking
up between two sleeps could be
considered a disruption in sleep,
and so could the various alternative
sleep schedules that people follow.
Perhaps Leonardo Da Vinci and
Issac Newton have something in
common and it is not just that they
are icons in their respective fields.
This makes us stop and wonder if
people all those years ago were
experiencing the inflammation
and other side effects that we
are able to study scientifically
today. We now have the skills and

tools to understand the effects of
disrupted sleep on a molecular
and behavioral level and sharing
this information with the world
is important. Without doing so,
people cannot implement changes
in their own lives or create policies
to help us lead healthier lives.
Scientists
are
constantly
working to learn more about areas
of sleep that we currently know very
little about, not just disrupted sleep.
As a rapidly expanding area of
research, new tools and innovative
ideas are being implemented in this
moment. Sometimes, advancing
into the future requires taking
a look at our past. Ekrich tied
together many interesting historical
aspects of sleep and the role it
once played in society; knowledge
that would have otherwise been
forgotten. So next time you wake
up in the middle of the night, fear
not. Your ancestors likely got up in
the middle of the night and future
generations will continue to do so
as well. It is just the nature of our
biological clockwork.
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